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ROOSTSITES OFTHE SILVER-HAIRED BAT {LASIONYCTERIS
NOCTIVAGANS)IN THE BLACKHILLS, SOUTHDAKOTA

Todd A. Matts()ii''2, Steven W, Biiskirk', and Nancy L. Stanton'

AbstR.'\CT. —W'f in\ cstiiiatecl tlic roostiiiii ccolojiiv of sil\er-liairi(l l)at,s iLasiotujcti'ri.s noctivaf^ans) in tin- Black Hills

of western South Dakota. Using radiotelcnietn', we located 39 roosts, 10 of whicli were maternity aggregations contain-

ing 6 to 55 hats. The roosts were mostly in ponderosa pine iPimi.s pondcrosa) snags that averaged 39 cm diameter at

breast height. Solitaiy bats preferred roosting under loose liark or in crevices in trees, regularly moving among trees. All

matemit)' aggregations were found in tree cavities, primarily those created by woodpeckers. Roost trees were located in

patches of forest with relati\el\ high snag densities, about 21 snags/ha. This stud\' suggests that snags play an important

role in maintaining silver-haired bat populations in ponderosa pine ecosystems.

Key words: Lasionycteris nocti\agans, silver-haired hai. roosts, sna^s.

The siKer-haired bat {Lasionycteris noctiva-

gans) occurs widely across North America at

highly variable densities (Barbour and Davis

1969, Kunz 1982a). Studies conducted in the

northwestern United States suggest that silver-

haired bats occur more frequently in late-suc-

cessional forests dominated by trees over 200

\'r old than in early seres (Perkins and Cross

1988, Thomas 1988). This association is attrib-

uted to the presence of high concentrations of

standing dead trees, some of which have exfoli-

ating bark, cracks in the wood, and cavities

excavated by birds —sites that may be pre-

ferred by bats for roosting (Perkins and Cross

1988, Thomas 1988, Campbell et al. in press).

Little information on summer roost sites for

silver-haired bats is available (Kunz 1982a),

particularly in areas that lack abundant stands

of late-successional forests. Barclav et al. (1988)

searched trees in Manitoba and found silver-

haired bats roosting under folds of loose bark

during the migration period. Parsons et al.

(1986) reported obserxations of 2 small silver-

haired bat matemit\' colonies in hollow trees in

Canada. Likewise, matemit>' colonies have

been found in cavities of both live and dead

trees in California (Rainey et al. in press).

Despite these records, a clear understanding

of siKer-haired bat roosts and roost habitat is

still lacking.

To better understand the roost requirements

of siKer-haired bats, we investigated roost

selection b\ the silver-haired bat in the Black

Hills of South Dakota. Although forests in this

region have been intensu ely managed for tim-

ber (Boldt and Van Deusen 1974), silver-haired

bats are relatively abundant compared to the 9

other bat species present in the region (Matt-

son 1994). Although Mattson (1994) captured

twice as many males as females, pregnant or

lactating females were not uncommon. Our goal

was to characterize roost selection by silver-

haired bats in terms of attributes potentially

affected by cunent forestry practices.

Study Area

Our study area is located in the southern

Black Hills of South Dakota near the town of

Custer (43°46'N, 103°35'W). Most of the study

area is in the Black Hills National Forest and

occurs at elevations from 1360 to 1985 m asl.

The topograph)- of the area varies from rolling

highlands with parklike valleys to narrow, steep

canyons with rock\' ridge tops. The climate of

the Black Hills differs from the surrounding

semiarid plains in that it is moister and less

subject to temperature extremes. Average maxi-

mumtemperature at Custer in JuK is about 23°

C, while mean annual precipitation is 457 mm.
The forests of the area are dominated by pure

stands of ponderosa pine (Pimis ponderosa).

Small stands of quaking aspen (Populus tremu-

loides) precede ponderosa pine on disturbed

sites. Paper birch (Betida papyhfera) grows in

small clusters in more mesic sites, whereas
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Rocky Mountain juniper {Junipenis scopiiloruin)

grows on diy ridges.

The forests of the Black Hills have been

managed for timber production since logging

first began in the 1870s. During the past 100

yr, most areas have been cut once, and many
have experienced multiple partial cuts (Alexan-

der 1987). In all, nearly 12 X 10^^ m'^ of timber

has been removed. Only a few small scattered

stands of unharvested forest remain (Boldt and

Van Deusen 1974). Although clearcutting was

once the primary means of harvest, shelter-

wood cutting, a method using a series of cuts,

is now standard.

We delineated two 10.1 X 10.1-km study

sites in areas in which we located silver-haired

bat roosts. The Jewel Cave Study Site encom-

passes Jewel Cave National Monument and

adjacent areas of the Black Hills National For-

est. The Hazelrodt Study Site is located south-

east of Custer on national forest land and

Custer State Park. Much of the Hazelrodt

Study Site burned during a fire in 1990 that

covered over 5670 ha.

Materials and Methods

Capture and Tracking Techniques

Silver-haired bats were captured using mist

nets set above small ponds and streams be-

tween 25 June and 4 August 1994. We deter-

mined the sex and reproductive condition for

all captured bats using external features (Racey

1988). Bats were classified as adult or juvenile

based on fusion of the epiphyseal-diaphyseal

suture of the finger bones (Anthony 1988).

Weattached 0.7-g radio transmitters (model

BD-2B, Holohil Systems Ltd., Woodlawn,

Ontario) to 4 adult males and 12 adult females.

After fur had been trimmed from the bats,

transmitters were attached to the area between

the shoulder blades using a cyanoaciy late -based

glue (Fing'rs, Camarillo, CA). Bats to which

transmitters were affixed weighed 11-14 g, so

that transmitters represented 5-6.4% of body

mass, slightly over the 5% maximum recom-

mended by Aldridge and Brigham (1988). We
did not use any other marking technique to

identify individuals.

Hand-held, 3-element yagi antennas and

portable receivers (model TR-2, Telonics, Mesa,

AZ) were used to track bats to roost trees. If

we were unable to determine where in the tree

the bat was roosting, or whether it was alone or

with others, we returned to the tree before

dusk to watch and count bats leaving the site.

Weattempted to approach the tree quietly to

reduce disturbance. We used a bat detector

(Bat Box III, Stag Electronics, St. Agnes, Eng-

land) to listen for echolocation calls. These,

along with body size and flight pattern, were

used to confirm that bats in a given roost were

only silver-haired bats.

Roost Measurements

Welocated 18 roost trees in the Jewel Cave

Study Site and 21 in the Hazelrodt Study Site.

When possible, the type of roost (i.e., wood-

pecker cavity, crevice, loose bark, etc.) was

recorded. Each roost tree was classified as

being used by either a maternity aggregation

or solitary bats. Maternity roosts, located by

tracking pregnant and lactating females, always

contained 6 or more bats. Solitan' roosts con-

tained only a single bat and were located by

tracking males or females that did not appear

pregnant or lactating or were post-lactating.

Wecategorized the aspect of the roost exit as

northeast (0-89°), southeast (90-179°), south-

west (180-269°), or northwest (270-359°).

Each roost tree was identified to species

and its height and diameter at breast height

(dbh) measured. Weplaced each roost tree into

1 of 7 decay stages; decay stage 1 included live

trees with intact bark and branches, whereas

decay stage 7 included dead trees beginning to

decompose with broken tops and no loose bark

(Thomas et al. 1979).

Plot Measurements

Within a 5-m-radius (78-m-) circular plot

centered at each roost tree, we measured aver-

age tree size, total basal area, and snag densit)'.

Trees were defined as standing woody stems

>1.5 m in height and >10 cm dbh. We also

recorded whether disturbance b\' fire or log-

ging had taken place in each plot. Disturbance

by fire was considered to have occurred if there

was any charred woody material in the plot,

and disturbance by logging was noted if we
obserxed any saw cuts on wood\' material in

the plot.

To compare characteristics of roost site plots

with Hie sunounding areas, we located four 5-

m-radius neighborhood plots for each roost

plot and recorded the same information as for

roost plots. Welocated the center of the neigh-

borhood plots b\- pacing 100 m from the roost
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tree in each of the cardinal directions (north,

south, east, west) and then pacing an adchtional

30 ni in a randomly selected direction.

Wemeasured elexation and distance to the

nearest source of Water loi' each loost tiee using

topographic maps (7.5 minute series, US(iS,

Denver, CO). For comparison, we randoniK

located a point in the Jewel C^ave StucK Site or

Hazelrodt Study Site lor each roost tree found

in that site. To examine roost site selection on a

larger scale, we calculated the number of snags

in all neighborhood plots to estimate snag den-

sity for the stud)' site generalK. This estimation

was made by dividing the total ninnber of snags

in the 156 neighborhood plots by their total

area. The fire in the Hazelrodt Study Site in-

flated snag densities in this area. To remove the

influence of fire, we calculated snag densities

witliin the study sites by removing the 77 neigh-

borhood plots that had been disturbed b\' fire.

Analysis

Chi-square tests for goodness-of-fit (Jelinski

1991) were used to compare obsei"ved with ex-

pected roost aspects and tree decay stages by

roost t)^pe (maternity vs. solitaiy). For the latter

test, because of small sample size, we pooled

the roost trees into 3 decay stage categories:

stage 1-3, stage 4, and stage 5-7.

To compare continuous attributes between

roost plots and neighborhood plots, we sub-

tracted attribute means for the 4 neighborhood

plots from corresponding means for the roost

plots. So, each roost plot was compared only to

its 4 neighborhood plots. We tested the null

hypotheses that the mean differences did not

differ from using paired t tests. Chi-square

tests for homogeneity (Jelinski 1991) were used

to compare obsei-ved with expected distiu-bances

at roost plots. Expected disturbances were based

on the proportion of neighborhood plots that

had burned or been logged. Weused 2-sample

t tests to compare the means for elevation and

distance to nearest water for roost sites and

random sites. To avoid type I errors that may
result fi-om using a number of inferential statis-

tical tests with the same predictor variable, we
arbitrarily set oc = 0.025.

Results

Roost Attributes

We radio-tracked 16 bats for a mean of 8 d

(range: 1-20) and located 39 roosts, all of

which occurred in trees. Nine adult females

were tracked to 10 trees that were used by
maternity aggregations averaging 22.2 ± 4.9

(.v^) indi\iduals (range: 6-55). Three other

females and 4 adult males were tracked to 25
roost tiees, none of which were used by mater-

nity aggregations. Three of the females that

originally used maternity aggregations were
lal(>r followed to 4 trees where they roosted

alone. Maternity roosts were found exclusively

in tree cavities, pinmarily those created l)y wood-

peckers (Picidae). Cavity opc-nings were 7.5-10

cm in diameter. Solitary bats roosted under
loose bark {n = 15), in a tree crack or crevice

{n = 5), or in a woodpecker cavity (n = 1). We
could not determine the specific roost location

for 8 trees. These trees were placed in the soli-

tary category because bats tracked to these 8

trees were always observed roosting alone at

other trees. Maternity roosts were 10.2 ± 1.5 m
(range: 3.1-13.8) aboveground. The height of

measured solitaiy roosts averaged 3.4 ± 0.5 m
(range: 0.9-8.9). Cavity openings of maternit>'

roosts and solitaiy bat roosts were found more
frequently on the south side of tree boles over

other aspects (x^ = 15.8, d.f = 3, P = 0.001).

Of 39 roost trees, 38 (97%) were ponderosa

pine and 1 (3%) was aspen. Of 508 trees on

neighborhood plots, 483 (95%) were ponderosa

pine and 25 (5%) were other species: aspen,

juniper, and paper birch. The 10 trees used by

maternity aggregations of silver-haired bats

ranged from decay stage 2 to 7 (median = 5).

The 29 trees used by solitar)' bats varied from

tree decay stage 3 to 7 (median = 4). Trees in

neighborhood plots ranged from decay stage 1

to 7 (median = 1). Bats in maternity aggrega-

tions selected roost trees in significantly differ-

ent decay stages than solitaiy roosting bats (x^

= 10.2, d.f = 2, P = 0.0062; Fig. 1). Roost trees

averaged 14.2 ± 0.9 m (range: 3.7-24.1) in total

height, and 39 ± 2 cm dbh (range: 13-63). They

averaged 17 ± 2 cm larger in dbh than neigh-

borhood trees. The 10 maternity roost trees

averaged 44 ± 4 cm dbh (range: 29-62), 24 ± 4

cm larger than neighborhood trees. The 29 soli-

taiy roost trees averaged 37 ± 2 cm dbh (range:

12-55), 15 ± 3 cm larger than neighborhood

trees. Matemitv and solitaiT roost trees did not

differ in diameter {t = 1.64,'? = 0.12).

The 9 bats found in maternity aggregations

returned to the same roost tree for a mean of

8 d (range: 1-21). Wetracked 1 bat fi-om a tree

containing a maternity aggregation of 55 bats
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1-3 4 5-7

Tree Decay Stage Categories

Available (n = 132) \^7/\ Aggregation (n = 10) ^^ Solitary (n=29)

Fig. 1. Percentages of trees in each tree decay stage categoi^ used by maternity aggregations and solitaiy roosting silver-

haired bats, and available trees in tlie Black Hills, South Dakota, June-August 1994.

to a 2nd tree with a maternity aggregation of

44 bats about 440 maway. The following eve-

ning no bats were observed exiting from the

1st roost tree, but it is not clear how many bats

from the 1st roost tree moved to the 2nd tree

with the bat we were tracking.

Wetracked 10 bats that used solitaiy roosts

to a mean of 3 solitaiy roost trees (range: 1-6).

For the most part, these bats switched trees

daily. However, on 5 occasions solitary bats

used the same tree on consecutive days. Three

of the 7 solitaiy roosting bats that we followed

to multiple trees returned at least once to trees

they had used several days before. Solitary

roosting bats traveled a mean of 405 ±93.7 m
(n = 13) between successive roost trees. Radio-

tracked bats traveled a mean of 2060 ± 440 m
(n = 12) from the captme point to their first

roost tree, significantly farther (/ = 3.67, P =

0.004) than the distance between successive

roost trees.

Plot Attributes

Roost plots had 1.7 ± 0.6 more live trees {t

= 3.09, ? = 0.004) than neighborhood plots.

Live and dead trees on roost plots were 6.5 ±
1.7 cm larger in dbh on average than those on

neighborhood plots {t = 3.77, P = 0.0006).

Roost plots also had basal areas of both lixe

and dead standing trees that were 14.07 ± 3.46

cm^/m^ greater {t = 4.06, P = 0.0002) than

neighborhood plots. Neither fire disturbance

()^2 = 005, d.f = 1, P = 0.94) nor logging

disturbance (x^ = 2.72, d.f = 1, P = 0.099) dif-

fered between roost and neighborhood plots.

Maternity and solitan' plots did not differ in the

attributes studied (Table 1). Roost trees tended

to be located higher in ele\ation than random
points (/ = 1.67, P = 0.10). Roost sites were
significantlv farther from water than random
points {t = 2.78, P = 0.007).

Using all 156 neighborhood plots, we calcu-

lated snag densit)' for the area to be 117 snags/

ha. After removing 77 neighborhood plots that

were disturbed by fire, we recalculated snag

densities to be 21 snags/ha.

Discussion

Roosts used by maternity aggregations dif-

fered from those used b\' solitaiA sil\ er-haired
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Table 1. Conipadson l)(>t\vfeii solitan aTuI iiiatfniit\ roosi plot attributes in tlit- Black Mills, South Dakota, Jiiiu'-

Aiigust 1994.

Attribute

Solitary

(;i = 29)

Maternitv

in = 10) r \ali

Li\ e trees

(no./plot)

Snags

(no./plot)

Mean tree dbh

(cm)

Total basal area

(cni^/m-)

4.5 ± 0.6
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Clearly, solitan' roosting silver-haired bats

switch roosts regularly. This lack of fidelity may
be related to the abundant nature of potential

roosts (Brigham 1991) or a predator-avoidance

strategy (Kunz 1982b). Because they will return

to roost trees used several days previously and

these roosts are often close together, solitary

bats may use a series of trees in the same area

and thus maintain a level of site familiarity.

Conversely, maternity aggregations tend to re-

main in the same roosts for longer periods.

This may be related to the less abundant nature

of tree cavities and the importance of retaining

roosts that are suitable for raising offspring. At

least some of the mateniit\' aggregations appear

to swatch roosts during the reproductix e period.

The reason for this is not clear, although it may
involve predator or ectoparasite avoidance

(Lewis 1995).

Weexpected bats to select roosts relatively

close to water bodies, minimizing energetic

costs of moving between roosting areas and

areas potentially used for drinking and forag-

ing. Although trees were al^undant in the study

sites, bats traveled an average of >2 km fi"om

point of capture to their 1st roost tree, and sig-

nificantly farther from water than expected

randomly. This seems to support other avail-

a])le evidence for insectivorous bats in that

roost site location is not strongly influenced by

commuting costs (Fenton et al. 1985, Brigham

1991). Roost sites located farther from water

tlian random points appear puzzling but may rep-

resent the large number of roost trees located

along hill or ridge tops, sites with potentially

higher snag densities.

Silver-haired bat roost trees were foimd at

sites that differed fi^om nearby areas in a num-
ber of attributes. Roost plots differed in having

more, large trees and hence a higher total basal

area than suiTounding plots. Roost trees located

in areas that are ideal for tree growth or are

logged infi-ecjuently might explain why the roost

plots have more, larger trees.

Undoubtedly, snags are important in pro-

viding roost sites for silver-haired bats in the

Black Hills. As suitable roosts are critical

resources for bat sui-vival (Kimz 1982b), snag

availability likely influences the distribution

and abimdance of this species. Forest stands

containing silver-haired bat roosts had snag

densities ol 21 snags/ha, a value much higher

than current management objectives. These
densities were even higher in the Hazelrodt

Study Site, an area with a large number of fire-

killed trees. How fire suppression and logging

practices have affected the number of snags in

the Black Hills remains unclear; however, early

photographs suggest that many forested areas

were more open with many standing dead

trees (Knight 1994). Because snags are used for

nests or roosts by a large number of vertebrate

species (Thomas et al. 1979), reduced snag

densities may increase interspecific competi-

tion. Wehypothesize that forest management
practices that reduce snag densities will lead to

declines in local silver-haired bat populations.
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